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Abstract 


Orthoptera are an important biological component of grasslands as 
a crucial link in the food chain. Grazing, either by wild animals or live- 
stock for human food production, exerts considerable influence on the 
Orthoptera of grasslands. For example, grazing prevents succession of 
open grasslands to scrub and forest, creates heterogeneity in sward height, 
and provides patches of bare earth through the action of livestock hooves 
breaking the vegetative cover. Grazing may also interact with other forms 
of grassland management such as burning to produce quite complex inter- 
actions which vary greatly between regions and Orthoptera species. Threats 
to grassland Orthoptera include overgrazing; conversely, abandonment of 
grazing can lead to the loss of open habitats vital to many species. It is 
important to have ungrazed areas to provide refuges for species negatively 
affected by grazing. Rotational management - moving domestic livestock 
between different pastures - will also allow a range of sward structures to 
develop over a landscape. The over-arching principle for grazing manage- 
ment should be to establish a heterogeneous sward with a range of sward 
heights and bare earth for oviposition/basking. In more extensive systems, 
patches of scrub can form habitat of woody vegetation for species such as 
bush crickets. The greatest diversity of habitats should provide the highest 
species richness. 
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Introduction 


Grasslands are one of the most extensive and important eco- 
systems. Grasses originated in the late Cretaceous period and, 
by the Miocene, grasslands were a prominent component of the 
earth’s vegetation (de Wet 1981). It is estimated that grasslands 
now cover approximately 40% of the earth’s land surface (White et 
al. 2000) and co-evolved with the grazing animals which maintain 
them in an early successional stage (Singh et al. 1983). Grasslands 
are a source of grass crop plants (grains) and herbivore products 
(fibre and meat), essential for the earth’s expanding human popu- 
lation (Foley et al. 2011). Many grassland ecosystems have been 
altered by human activities and as such are considered ‘semi-nat- 
ural’ Grasslands are threatened by conversion to arable cropping 


(Suttie et al. 2005) and the pressures on those remaining from 
intensive agricultural practices such as overgrazing or, converse- 
ly, from a lack of grazing management leading to woodland en- 
croachment, are great. 

Grasslands are found in temperate and tropical regions on all 
continents except Antarctica, and can be classified into many dif- 
ferent types including chalk downland, tallgrass prairie, savanna 
and shrubland steppe. In this review, grasslands are defined as 
“land on which the vegetation is dominated by grasses” (FGTC 
1991) and no distinction is made between the types. Orthoptera 
form an important part of grassland ecosystems across the earth, 
consuming between 0.3-8% of net primary production (K6hler 
et al. 1987), although they are particularly wasteful feeders (e.g. 
Chorthippus parallelus consumes 2% of net primary production, 
but wastes 8%; Ingrisch and Kéhler 1998). Orthoptera are also 
particularly important in food chains (Latchininsky et al. 2011), as 
prey for spiders and avian predators, for example. From an assess- 
ment of the status of European Orthoptera, 555 species (51.3%) 
were found in grassland, underlying the importance of the habitat 
(Hochkirch et al. 2016). 


While Orthoptera can be used as indicators of healthy grass- 
land ecosystems (Kati et al. 2004, Gardiner et al. 2005, Bazelet and 
Samways 2011), locusts are also an abundant pest in the range- 
lands of the USA and the arid grasslands of Africa, for example. 
Significant time and expense is invested in the control of locust 
outbreaks (Latchininsky et al. 2011) which can have negative ef- 
fects on other fauna in the grassland ecosystem. 


Grazing (by both domesticated and wild animals) effects 
properties of grasslands which are crucial for grasshopper life his- 
tory processes. Intensity of grazing, type of grazer, rotational or 
seasonal aspects of the grazing regime, and the interaction of graz- 
ing with other grassland management practices, has an impact on 
characteristics of grasslands such as vegetation height, biomass, 
and plant species. In turn, these factors can influence oviposition, 
dispersal and feeding behaviors of grasshoppers, thereby affecting 
the dynamics within Orthoptera assemblages and communities. 
The aim of this paper is to provide a short introduction to graz- 
ing and its effects on Orthoptera, setting the scene for the more 
focused papers that follow. 
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Ecology of Orthoptera in grazed grasslands 


Habitat preferences of Orthoptera may relate to choice of ovi- 
position site, food preferences, vegetation height and biomass, 
and grassland management regimes (Clarke 1948). Waloff (1950) 
stated that the egg-pods of Chorthippus albomarginatus are ovipos- 
ited into the base of grass lamina, while Chorthippus brunneus and 
Chorthippus parallelus lay their egg-pods in the superficial layers of 
the soil. Bare earth (often exposed in ant hills) is the usual egg- 
laying site for C. parallelus, although this species and Omocestus vir- 
idulus have been found to oviposit into grass-covered soil (Waloff 
1950). All these oviposition niches are influenced by grazing, ei- 
ther for agricultural production or of wild animals. 

An important distinction was made by Waloff (1950) in char- 
acterizing grasshopper species as either hygrophilous (egg-pods in 
vegetation just above soil: e.g. O. viridulus) or mesophilous (egg- 
pods laid in soil: e.g. C. brunneus). Grassland management such as 
heavy grazing may remove or damage egg-pods of hygrophilous 
species laid in the vegetation while leaving those of mesophilous 
species in the soil undamaged. 

Choudhuri (1958) investigated the oviposition habits of C. 
brunneus and C. parallelus, concluding that C. parallelus preferred 
to oviposit in moist sand, while C. brunneus mostly laid eggs into 
dry sand. Compaction, temperature, moisture content and particle 
size of the soil were also found to influence the choice of oviposi- 
tion site (Choudhuri 1958). Exposed soil may offer other ben- 
efits for grasshoppers by providing sites where they can bask (Key 
2000), as exposed soil is often much warmer than surrounding 
vegetation. Trampling of the soil surface by grazing animals can 
create suitable oviposition sites for a range of species, and the type 
of livestock is important. For example, on sea walls cattle can pro- 
duce a sward with a higher amount of bare earth than sheep due 
to their heavier nature (Gardiner et al. 2015), providing suitable 
niches for oviposition (Fig. 1). 

The food preferences of C. brunneus and C. parallelus have been 
examined in some depth by Clarke (1948), Richards and Waloff 
(1954) and Bernays and Chapman (1970a, b). Clarke (1948) and 
Richards and Waloff (1954) suggest that the availability of suit- 
able food (in respect of nutrient availability and palatability) may 
not be a limiting factor for British grasshoppers. However, Bernays 
and Chapman (1970a) found that C. parallelus selected grasses in 
preference to herbs for feeding. This selection could be due to a 
natural chemical on the leaf surface of grasses which induces bit- 
ing. Bernays and Chapman (1970b) noted that fine-leaved grasses 
of the genera Agrostis and Festuca were often selected in preference 
to Holcus, Cynosurus and Dactylis by C. parallelus (Bernays and 
Chapman 1970b). Gardiner and Hill (2004), however, found a 
preference for coarse grasses such as Dactylis glomerata and Lolium 
perenne over the fine-leaved Festuca rubra and Cynosurus cristatus. 
Both D. glomerata and L. perenne are grass species that are com- 
monly sown for agricultural purposes in pastures due to their high 
nutritive value to grazing livestock (Spedding and Diekmahns 
1972, Hubbard 1984), although the former species is currently 
sown less than in the early 1900s (Hubbard 1984). It is suggested 
that these grasses were also preferred by C. parallelus because of 
their superior nutritive value and palatability. 

Vegetation structure is an important factor for grassland fau- 
na (Duffey et al. 1974, Morris 2000), particularly for grasshop- 
pers. Clarke (1948) and Gardiner and Hassall (2009) noted that 
vegetation height and density are the most important habitat fac- 
tors for grasshoppers, particularly in respect to their influence on 
microclimate. 


Fig. 1. Cattle trampled ground with an abundance of bare earth, 
credit T. Gardiner. 


Vegetation which is dense and tall is not readily warmed by the 
sun or cooled by free circulation of air, in contrast to sparser vegeta- 
tion which provides better conditions for diurnal activity (Clarke 
1948, Gardiner and Hassall 2009). Dense vegetation with high per- 
centage cover, however, provides abundant food sources. Therefore, 
grasshoppers may be abundant in habitats which possess both 
dense vegetation and areas of sparser vegetation, and such local 
differentiation of vegetation structure may be important (Clarke 
1948, Gardiner et al. 2002). Heterogeneity of sward structure may 
be important for other invertebrates such as butterflies (Ausden 
and Treweek 1995) and can be produced through rotational mow- 
ing, which creates a mosaic of cut and uncut areas (English Nature 
1992), or extensive grazing regimes (Crofts 1999). Grazing that cre- 
ates the small-scale patchwork of bare ground, low, herb-rich turf, 
and taller, tussocky grassland occurring in close proximity, is neces- 
sary for the conservation of the bush cricket Decticus verrucivorus, 
which can be easily lost due to even slight changes in management. 

Gardiner et al. (2002) in a survey of grasslands in the Chelms- 
ford area of Essex in the UK identified the optimum sward height 
and vegetation composition for three Chorthippus species. Grass- 
hoppers were most abundant between vegetation heights of 100- 
200 mm (Gardiner et al. 2002), and in grasslands dominated by 
fine-leaved grass species such as Agrostis stolonifera. The findings 
detailed in Gardiner et al. (2002) agree with the conceptual model 
outlined in van Wingerden et al. (1991a) which visually displayed 
the relationship between grasshopper abundance and quantity of 
vegetation as an optimum curve. 

Vegetation structure may influence egg development (van 
Wingerden et al. 1991a). Tall vegetation could lead to lower maxi- 
mum temperatures in the soil surface and consequently delay 
hatching of eggs laid in the soil, resulting in a loss of some meso- 
philous grasshopper species (van Wingerden et al. 1991b). Such 
tall grasslands may be described as ‘cold’, while those with shorter, 
sparse vegetation are ‘warm’ (van Wingerden et al. 1991b). 

Clarke (1948) suggested that vegetation height and density 
may be related to the following three factors: growth form of com- 
ponent plant species, properties of the soil, and grazing and other 
biotic factors such as trampling. 

Factors influencing the abundance and behavior of Orthoptera 
in a grassland sward are complex and inter-related. To reflect this 
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Environmental factors Orthopteran biology 
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Fig. 2. Relationships between environmental parameters and the 
main behavioral activities of Orthoptera in a grassland sward (af- 
ter Gardiner 2009). 


complexity, Fig. 2 shows how the behavioral activities of Orthop- 
tera may be affected by environmental parameters in a grassland 
sward (Gardiner 2009). Many of the environmental parameters 
presented in Fig. 2 are altered by grassland management such as 
grazing; therefore, in the field, Orthoptera will be affected by the 
interaction between management and environmental factors. For 
example, grazing will remove large quantities of herbage biomass 
and reduce sward height in the short-term, which may create a 
warmer microclimate which is more conducive to basking. Addi- 
tionally, grazing may create patches of bare earth (through tram- 
pling of the soil by hooves) that provides a better environment for 
oviposition and basking purposes. I suggest that sward height and 
biomass are pivotal in determining suitability of grassland for Or- 
thoptera due to their influence on many other environmental pa- 
rameters such as microclimate, behavioral activities of individuals, 
and the abundance of grasshoppers (Gardiner 2009). Grassland 
management such as grazing is concerned mainly with the remov- 
al of the harvestable standing crop (Hopkins 1999) and is there- 
fore crucial in determining the habitat preferences of Orthoptera. 


Behavior and dispersal in grazed environments 


Narisu et al. (1999) suggested that directional movements of 
grasshoppers in rangeland habitats may be related to the direction 
of the prevailing wind. In their study, adults moved predominantly 
into the prevailing north-westerly wind and it was suggested that 
the movement upwind may have reflected the search for resources 
such as feeding sites or mates. In the study reported by Gardiner 
and Hill (2004), both nymphs and adults of C. parallelus displayed 
directional dispersal within a small area of extensively-grazed pas- 
ture and a high proportion of adults and nymphs were re-observed 
in pasture north-west of the release site which was neither into 
or with the prevailing wind. The release area had been heavily 
grazed by sheep and the sward height in this area was below 50 
mm (Gardiner and Hill 2004). Gardiner et al. (2002) suggested 
that C. parallelus is less abundant in short (<100 mm) vegetation. 
Therefore, the release circle was unsuitable for this species, having 
a short sward that provides no cover from avian predators or in- 
clement weather conditions. This heavily grazed environment was 
‘spatially hostile’ (Rogers 1984) for both C. parallelus nymphs and 
adults. Both life stages would therefore have a greater chance of 
survival and breeding success in a more suitable environment, and 
dispersal away from the release circle was a necessity for large pro- 
portions of the marked population in this heavily grazed pasture. 

Horn (1984) suggested that the dispersal of grasshoppers is 
favored when the local environment is deteriorating, especially 


if more suitable conditions exist in other adjacent areas. Fur- 
thermore, patches that form in areas contaminated by feces or 
in latrines are avoided by most grazing livestock and have taller 
vegetation (Duffey et al. 1974, Ausden and Treweek 1995). Grass- 
hoppers may actively seek out these areas for shelter and breeding 
sites in particularly unfavorable pastures. However, these patches 
of tall grass are only a temporary habitat and may be removed at 
any time if grazing pressure increases, which may lead to frequent 
movements of grasshoppers between favorable areas of tall grass 
and potentially unfavorable areas in relation to the rate of defolia- 
tion by the grazing animal (Gardiner 2015). 

For successful migration, grasshoppers must have had some in- 
dication of the favorable habitat in the direction of travel. The com- 
pound eyes of orthopteroids are quite efficient at detecting move- 
ment (Marshall and Haes 1988) and it is reasonable to suggest 
grasshoppers can detect the long grass by its movement in the wind. 
Grasshoppers can judge the distance of long grass and singing perch- 
es by undertaking peering movements while assessing the suitability 
of a patch of vegetation (Chapman 1998). Nymphs and adults may 
be able to quickly assess distance and direction of suitable ungrazed 
patches of grass using their extensive 360° vision (Chapman 1998), 
particularly as peering movements would be unobscured by tall veg- 
etation structures in heavily grazed habitats. Further neurobiological 
and behavioral research is needed to determine whether Orthoptera 
can see patches of suitable habitat and orientate towards them. 

Other factors may also play a role in the dispersal of Orthop- 
tera in grazed habitats. For example, sheep grazing may disturb 
nymphs and adults, leading to greater dispersal in a particular di- 
rection, or they may act as a transportation mechanism (Fischer et 
al. 1996). Grazing animals such as cattle could also ‘flush’ grass- 
hoppers into pools within grasslands or heathlands, initiating 
swimming or drowning (Gardiner 2009). 


The effect of grazing 


Grazing intensity.—Grazing and trampling exert important influ- 
ences on vegetation structure (Clarke 1948). Heavy grazing by cat- 
tle and sheep on fertile soils can produce a short, dense sward 
of neutral grassland species such as Lolium perenne, which is un- 
suitable for grasshoppers (Gardiner et al. 2002). However, Clarke 
(1948) suggested that excessive grazing by rabbits on chalk grass- 
land and heaths promoted sparser vegetation, comprised of less 
vigorous species such as Festuca ovina, which was consequently 
more favorable to grasshoppers. 

In another study on a heavily rabbit-grazed calcareous grass- 
land, C. brunneus was more abundant within an exclosure than 
on the surrounding grazed grassland (Grayson and Hassall 1985). 
The authors suggested that the taller vegetation in the exclosure 
provided better cover from vertebrate predators and better quality 
food resources for grasshopper nymphs than the shorter grazed 
vegetation. In coastal pastures which have been ungrazed for 
many decades on Skipper’s Island in southern England, the spe- 
cies richness of orthopteroids is higher than in mainland habitats 
such as sea wall flood defenses where mowing management is un- 
dertaken (Gardiner and Ringwood 2010). These ungrazed pastures 
have developed a mosaic of tussocky, rank grassland and scrub 
which is suitable for grasshoppers and bush crickets. 

A large mesa in South Africa acted as a refuge for Orthoptera 
in comparison to the heavily grazed flatlands which surrounded 
it (Gebeyehu and Samways 2006). The summit, which was inac- 
cessible to grazing livestock, was an important conservation refuge 
for one grasshopper species, Orthochtha dasycnemis. 
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Across Europe, overgrazing (particularly by cattle) is the great- 
est threat to Orthoptera (affecting 262 species; Hochkirch et al. 
2016). In the UK, concerns have been raised about the negative ef- 
fect of pony overgrazing upon the orthopteran assemblages of the 
New Forest (Tubbs 1986, Pinchen 2000, Denton 2006). Denton 
(2006) outlines the importance of exclosures, from which grazing 
ponies are largely excluded, for Orthoptera in the forest. For ex- 
ample, both the nationally scarce Omocestus rufipes and Nemobius 
sylvestris are found in exclosures, the varied and taller vegetation 
structure created in the absence of excessive grazing being particu- 
larly important. Surveys along the Mardyke River Valley in the UK 
also showed that Orthoptera were extremely scarce in intensively 
grazed horse pastures and that species richness was lower than 
in ungrazed grassland (Gardiner and Haines 2008). The horses 
grazed continuously throughout the year on the south side of the 
Mardyke and this led to an extremely short sward (<100 mm in 
height) that may have provided insufficient cover from inclement 
weather and predators (particularly birds) for Orthoptera (Gar- 
diner et al. 2002). 

A study of rangeland grasshoppers in the USA found that most 
grasshopper species were more abundant on ungrazed treatments 
when compared to heavily grazed areas (O'Neill et al. 2003). How- 
ever, one species, Aulocara elliotti, a serious pest of rangelands, pre- 
ferred the heavily grazed plots, perhaps due to its exclusion from 
densely vegetated pasture. Conflicting evidence is provided in Hol- 
mes et al. (1979) who stated that some grasshopper species were 
more abundant in heavily grazed fields when compared with light- 
ly grazed fields, while other species exhibited the opposite prefer- 
ence for infrequently grazed pastures with tall and dense vegeta- 
tion. Cease et al. (2012) also demonstrated that abundance of the 
locust Oedaleus asiaticus was promoted by heavy grazing in north 
Asian steppe grasslands by the lowering of plant nitrogen (N). 

In savannah grassland in South Africa, abundance and guild 
structure of grasshoppers varied between lightly and heavily grazed 
areas (Prendini et al. 1996). The heavily grazed areas characterized 
by short vegetation were dominated by grasshopper species associ- 
ated with short grass and/or bare earth, whereas the lightly grazed 
grassland with taller and thicker grass had mainly grasshoppers of 
taller vegetation which were mixed feeders or tough grass feeders 
(Prendini et al. 1996). 


Interaction with burning.—Fire and grazing are two of the main 
methods of grassland management, and in many areas they in- 
teract to influence populations or assemblages of Orthoptera. In 
Afromontane grasslands in South Africa, grasshopper abundance 
benefited greatly from burning and cattle grazing (Joubert et al. 
2016). Most grasshoppers favored recently grazed or burned grass- 
land, although some did not, further highlighting the species-spe- 
cific response to grazing management observed in other studies. 

In the UK, traditional Culm grassland management, such as 
grazing and burning, has been undertaken to restore neglected 
sites (Wolton 1991). Grazing of pastures usually occurs between 
late May and late September, at a stocking rate of approximately 1 
suckler cow per ha over a period of 20 weeks, leading to a diverse 
sward about 150 mm in height (Wolton 1991). Winter burning 
(known as swaling) during January or February is also practiced 
and has traditionally been used after particularly wet summers 
when it is impossible to graze livestock. This burning reduces 
the quantity of leaf litter, therefore providing a more open sward 
(Ausden and Treweek 1995). The complex interaction between 
weather and grassland management has important effects on Or- 
thoptera populations. 


In a small-scale study of formerly grazed Culm grasslands 
subjected to burning, there was increased Orthoptera abundance 
(density 29X greater on burned plots than on unburned replicates) 
in the post-burn year (Gardiner et al. 2005), as in the studies of 
Samways (1994) and Bieringer (2002). It is likely that mesophil- 
ous species such as C. parallelus, which overwinter as egg pods in 
the soil, may escape the main destructive impact of winter burn- 
ing. The reduced sward height/biomass and increased light pen- 
etration on winter-burned swards in April/May could lead to en- 
hanced post-diapause development and basking opportunities for 
hatched nymphs. Recently-burned ground could also be attractive 
to melanic groundhoppers (Tetrix undulata; Gardiner 2012) and 
grasshoppers (Myrmeleotettix maculatus; Gardiner 2014). Grazing 
in the post-burn year could keep the vegetation open and prevent 
development of a tall, tussocky Molinia caerulea sward. 

Hochkirch et al. (2016) suggest that wildfires are a significant 
threat to 173 European Orthoptera species, with bush crickets 
(Tettigoniidae) more threatened than grasshoppers (Acrididae), 
perhaps due to many bush cricket species being flightless and un- 
able to escape from the flames. 


Abandonment of grazing.—As most grassland exists at a relatively 
early stage of succession, abandonment of grazing can be par- 
ticularly harmful to the Orthoptera assemblages reliant on the 
open sward, with 148 European species affected (Hochkirch et 
al. 2016). In Epping Forest in the UK, the locally-scarce grasshop- 
per O. viridulus was significantly more abundant on cattle-grazed 
sites than in ungrazed grassland and heathland (Gardiner 2010). 
The absence of grazing in particular, led to scrub encroachment 
and natural woodland succession throughout the open plains 
in the forest, causing major declines in floristic and thermophil- 
ous insect diversity in the 20" century (Rackham 1986). Despite 
these losses, Epping Forest is still considered one of the most im- 
portant areas for Orthoptera in Essex County (Wake 1997), with 
new species such as Stenobothrus lineatus colonizing the open 
plains (Wilde 2009), perhaps in response to climate change 
(Gardiner 2009). 

Rare species in the UK, such as D. verrucivorus, which are on the 
edge of their range, have very specific micro-habitat requirements 
(Cherrill and Brown 1990, 1992). D. verrucivorus was formerly 
found on several heathland sites in southern England, but with 
the loss of these populations, it is now restricted to ancient calcar- 
eous grassland (Fig. 3). D. verrucivorus disappears very quickly if 
winter-cattle-grazing ceases and tall rank grasses such as Brachypo- 
dium pinnatum encroach onto the bare ground. These rank grasses 
replace the low, herb-rich turf that D. verrucivorus requires for ovi- 
position and which its early nymphal stages require for quick de- 
velopment in the warm microclimate provided by the open niches 
of this turf (Sutton 2015). 

Conversely, abandonment of cattle livestock grazing in Spanish 
grasslands had an immediate positive effect on density, diversity 
and species richness of Orthoptera, although the effects were spe- 
cies-specific (Isern-Vallverdu and Pedrocchi 1994). The ungrazed 
pastures had taller grasses which were generally more favorable 
for Orthoptera because they had more refuges than the formerly 
grazed habitats. Species which benefitted from abandonment of 
grazing in Isern-Vallerdu and Pedrocchi's (1994) study included S. 
lineatus and large species such as Platycleis tessellata which needed 
the cover from avian predation. One species which was associated 
with short grassland and bare ground, M. maculatus, disappeared 
with the abandonment of cattle grazing. This may explain its extir- 
pation from Epping Forest in the UK where cattle grazing ceased 
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Fig. 3. Grazed chalk downland in Sussex, UK, habitat for the rare 
Decticus verrucivorus, credit T. Gardiner. 


Fig. 4. Cattle grazed wet grassland in Epping Forest, UK, habitat 
for Omocestus viridulus, credit T. Gardiner. 


in the 20" century, although cattle grazing was reintroduced in 
2002 and has since been linked to an increase in abundance of O. 
viridulus (Gardiner 2010; Fig. 4). 


Type of grazing animal.—The type of grazing animal has widely 
differing impacts on the sward structure of grassland. Large-scale 
cattle grazing in Georgia led to a mosaic of grassland, scrub, and 
trees, offering habitats for several highly specialized species of Or- 
thoptera (Bontjer and Plachter 2002). However, contradictory evi- 
dence is provided by a study of vegetated sea wall flood defenses 
in the UK (Gardiner et al. 2015). On two cattle-grazed sea walls 
which had fairly short swards (<10 cm in height) with few grass 
tussocks, abundance of grasshoppers was lower than on the un- 
grazed sea walls which had higher densities and more variation in 
sward height (10-40 cm). This suggests that the impact of heavy 
cattle grazing, which leads to very uniformly short swards, is not 
favorable for Chorthippus grasshoppers which require tussocks of 
tall grass for shelter and feeding. However, on the sheep-grazed 
sea walls, which had greater variation in sward height (10-30 cm) 
than the cattle-grazed sections, abundance of grasshoppers was 


higher than in the ungrazed control swards which were quite 
uniformly tall and rank in nature (>40 cm in height). Therefore, 
the impact of grazing on grasshoppers is likely to be through the 
establishment of suitable sward heights at appropriate stocking 
rates, with light sheep grazing producing more variation in veg- 
etation height than cattle grazing where swards can be uniformly 
short due to high stocking rates (Gardiner et al. 2015). 

Fonderflick et al. (2014) found that that the impact of sheep 
grazing exerted a species-specific influence on the grasshopper as- 
semblage, which varied greatly over the season in Mediterranean 
steppe-like grasslands. They concluded that extensive grazing by 
sheep tended to homogenize the vegetation structure and led to a 
temporary reduction in Orthoptera abundance at a pasture scale. 
Fonderflick et al. (2014) suggested that rotational grazing systems 
could conserve Orthoptera at a farm scale by promoting heteroge- 
neity in sward structure. Irregular grazing, likely to produce a sward 
with greater sward heterogeneity, was also found to have signifi- 
cantly higher species richness of Orthoptera (28 species) than plots 
with mown grass (17 species) or permanent sheep pens (14 species) 
(Fabriciusova et al. 2011). Species-specific responses to grazing were 
also noted in submontane pastures in the Hruby Jesenik Mountains 
in the Czech Republic, where the abundance of Gomphocerippus ru- 
fus increased substantially with grazing, which contrasted with G. 
rufus’ negative response to mowing (Rada et al. 2014). 

In subalpine pastures in the Swiss Alps, Spalinger et al. (2012) 
found no direct effect of wild ungulate grazing (red deer and 
chamois). However, they did observe the small-scale alteration of 
habitats and plant N content by ungulates, which in turn affected 
Orthoptera abundance and diversity. 

Intensive grazing by unmanaged wild rabbit, Oryctoloagus cunic- 
ulus, populations in Epping Forest in the UK, led to the extirpation 
of O. viridulus, a grasshopper with a preference for tall grassland 
(Gardiner 2010). The grazing created a very homogenously short 
grassland sward resembling a ‘lawn’ which consequently did not 
provide the necessary shelter or ‘cool’ microclimate for O. viridulus. 

In Europe generally, there has been a move away from tradi- 
tional sheep and goat farming to cattle grazing, leading to fewer 
and larger farms, with overgrazing a significant issue (Hochkirch 
et al. 2016). While this process was well underway during the mid- 
dle of the 20" century in north-west Europe, it has now spread to 
Mediterranean areas and the new Member States of the eastern 
European Union. 


Agricultural improvement of pastures — Orthoptera in decline?—The ef- 
fect of agricultural improvement of grasslands on Orthoptera has 
received little attention when compared to other aspects of farm- 
land management in Europe in particular. One study detailed the 
effects of fertilization on the species composition and abundance 
of grasshoppers in the Netherlands (van Wingerden et al. 1992). 
In this study, overall grasshopper density and species richness 
decreased with increased fertilization, perhaps due to the higher 
herbage biomass and denser structure of the sward in the fertilized 
plots which created a ‘cold’ sward, unsuitable for diurnal activities 
such as basking of nymphs/adults or egg development. 

The studies conducted by van Wingerden et al. (1991a, b, 1992) 
in the Netherlands, and research in the UK by Clarke (1948) and 
Gardiner et al. (2002), would seem to suggest that herbage height 
and biomass are important factors that regulate the abundance of 
grasshoppers in grasslands. Based on these studies, we would ex- 
pect management which reduces herbage biomass to affect grass- 
hopper abundance as outlined in the simple conceptual model in 
Fig. 5. The model attempts to portray the highly complex relation- 
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Fig. 5. A simplified conceptual model of the possible effects of man- 
agement to remove herbage biomass and lack of management on 
grasshopper abundance (the effects of fertilizer input and rainfall are 
added to provide a more holistic approach) (after Gardiner 2009). 


ship between management which reduces the standing crop, and 
grasshopper abundance, in a simplified mannet. 

This model illustrates that lack of sward reduction manage- 
ment leads to higher herbage biomass, which, in turn, leads to a 
‘cold’ microclimate and lower grasshopper abundance. This trend 
can be exacerbated by fertilizer input and high rainfall, which 
would both contribute to an increase in herbage biomass. Alterna- 
tively, sward reduction management actions such as grazing, mow- 
ing, and burning, can be expected to lead to low herbage biomass, 
a warmer microclimate, and higher grasshopper abundance. This, 
in turn, can be exacerbated by low rainfall in a certain year (Fig. 5). 

Any research into the temporal changes in Orthoptera com- 
munities in agricultural habitats should consider the economic 
constraints of agricultural management. The primary objective 
of grassland farming, which accounts for approximately 66% of 
land use in the UK, is to produce high livestock yield to serve the 
consumer food chain (McInerney 1995). This is often produced 
through optimizing grass yields with the application of nitrogen 
fertilizer which may be detrimental to grasshopper abundance 


(Fig. 5). 


Pasture intensification — a case study from the UK.—A study of inten- 
sive and extensive pasture in the UK (Gardiner 2009) showed that 
unfertilized extensive pastures led to enhanced species richness, 
assemblage diversity and increased nymphal and adult abundance 
of Orthoptera, particularly of the grasshopper species C. albomar- 
ginatus and C. parallelus. These results supported those of Kruess 
and Tscharntke (2002) and van Wingerden et al. (199la) who 
concluded that species richness and abundance of Orthoptera, re- 
spectively, were higher on extensively-grazed pastures compared 
with intensively-managed grassland. Contradictory evidence was 
provided by Batary et al. (2007), who found only marginally 


significant differences in the abundance of Orthoptera between 
intensively and extensively grazed grasslands in the Hungarian 
Great Plain. Other studies on the impact of extensive grazing on 
grasshoppers in Europe concluded that grasshopper diversity and 
abundance were higher at grazed sites compared with mown grass- 
lands (van Wingerden et al. 1991a, Wettstein and Schmid 1999). 

The intensively managed pasture in Gardiner (2009) may have 
been unfavorable for Orthoptera due to silage cutting during June 
and intensive (high stocking rate) grazing. Inorganic fertilization 
led to tall vegetation height in May which can create a ‘cold’ micro- 
climate (low temperatures in intensive pasture) that is unsuitable 
for nymphal development or post-diapause development in the 
ege stage. 

Assemblage diversity of Orthoptera was higher in the exten- 
sive, unfertilized pastures perhaps due to the presence of tussocky 
patches of grass in rejected areas created where dung was depos- 
ited (Gibson 1997). Rejected areas were not necessarily present in 
the intensive pasture due to the removal of most vegetation above 
70 mm during silage cutting and subsequent heavy grazing. In the 
extensive pastures, rejected areas supported small populations of 
bush crickets (Conocephalus discolor and Metrioptera roeselii) and 
grasshoppers (C. albomarginatus and C. parallelus). The short veg- 
etation between tussocks provided ideal ‘warm’ conditions for 
basking and development of nymphs, while the tall vegetation of- 
fered shelter from inclement weather and avian predation as well 
as feeding resources. It is possible that grasshopper species such as 
C. parallelus actively seek out these nutrient rich niches in extensive 
patches (Gardiner and Hill 2004, Gardiner 2015), and may have 
to move between tussocks in a season due to disturbance by cattle 
or sheep and subsequent removal of tussocks through defoliation 
(Gibson 1997). 

Examination of the stocking rate in the extensively managed 
pastures showed they were continuously grazed at approximately 
2-4 cows per ha. The stocking rate suggested by Crofts (1999) as 
favorable for conservation objectives is 2 cows per ha for a similar 
grazing duration (24 weeks). Gardiner (2009) decided on a high- 
er intensity stocking rate than is indicated by the literature to test 
whether a more economically viable grazing system with a higher 
number of livestock per unit area could provide biodiversity ben- 
efits. Although both extensive pastures provided better habitat for 
Orthoptera than intensively managed grassland, the suboptimal 
sward heights (<100 mm) led to low orthopteran densities, par- 
ticularly of grasshopper species such as C. albomarginatus and C. 
parallelus. A lower stocking rate (2 cows per ha) would have led to 
a relaxation in the grazing pressure (Frame 1992) and taller sward 
height, particularly in July and August. These swards may have 
provided a greater chance of refuge for adult grasshoppers and 
bush crickets. However, a trade-off must be considered between 
economic viability of the grazing system and biodiversity benefits. 
Since the extensive pastures provided larger numbers of Orthop- 
tera and higher assemblage diversity than the intensive sward, the 
moderate-intensity stocking rate and grazing pressure were justi- 
fied on financial grounds. The stocking rate of 2-4 cows per ha 
is only slightly lower than that suggested by Frame (1992) as the 
proper management of improved swards for optimal agricultural 
production (5-8 cows per ha). Pastures are often assessed by us- 
ing target sward heights and, for improved grassland managed by 
continuous grazing, the target sward height is 60-80 mm for cat- 
tle (Frame 1992). In all years the extensive pastures had a mean 
sward height that was predominantly 60-90 mm, suggesting that 
they were managed at stocking rates which produced swards of 
acceptable height for good agricultural management. 
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The absence of inorganic fertilizer input on these swards may 
impact upon yields but not necessarily economic viability. For 
example, under silage cutting, inorganic fertilizer input may sub- 
stantially increase dry matter (DM) production in grass/swards 
(Frame 1992, Tallowin et al. 2002) but beef cattle output on low 
input systems (restricted N input) and fertilized pastures (moder- 
ate N input) has been found to be very similar, suggesting that low 
input systems may not affect the economic viability of grazing, 
particularly in clover-rich swards [such as the extensive pasture 
in Gardiner’s (2009) study] with high rates of nitrogen fixation 
(Frame 1992). Other studies confirm that absence of fertilizer in- 
put may not necessarily affect animal liveweight gain and may be 
comparable to conventional farming systems with a high nitro- 
gen input (296 kg N per ha; Lawes et al. 1995). However, lack of 
inorganic fertilizer usage in the study of Lawes et al. (1995) did 
significantly reduce the quantity of herbage conserved, suggest- 
ing that silage cutting may not be viable on extensive pastures. 
The absence of silage cutting and fertilizer input on pastures 
would seem to be a key requirement for maintaining popula- 
tions of Orthoptera, and we suggest that where conservation of 
insects such as grasshoppers and bush crickets is desired, then 
pastures should be managed by continuous, low-input grazing at 
a moderate stocking density (2-4 cows per ha) which produces 
a sward of 60-80 mm in height. A study of extensive pastures by 
Marriott et al. (2002) concluded that unfertilized herbage at a 
height of 80 mm with a high quantity of dead leaf material may 
not pose problems for livestock diet due to preferential grazing 
of green leaves. 

Of course, the stocking rates and choice of livestock are greatly 
influenced by subsidies provided by governments or the Common 
Agricultural Policy (CAP) in Europe, for example. Many farmers in 
the EU receive payments to farm more sustainably. 


Conclusions 


It is not the purpose of this paper to provide a comprehensive 
overview of the effects of grazing on Orthoptera; this will be pro- 
vided by the other contributions to this special issue. However, 
from this brief review of the literature, the following are key issues 
to be considered when determining the impact of grazing manage- 
ment on Orthoptera: 


1. Response of Orthoptera assemblages and species to grazing 
differs depending on the region and type of grassland. 

2. The effect of grazing on Orthoptera is largely species-specific. 

3. The type of grazing animal influences Orthoptera abundance 
and assemblage diversity. Cattle and sheep can be important 
domestic grazing animals, but both have their advantages and 
disadvantages for Orthoptera conservation and pest manage- 
ment. Wild animals may also have an important impact on 
Orthoptera (e.g. rabbits and ungulates). 

4. Agricultural improvement (inorganic fertilizer input, heavy 
grazing and ploughing) of many lowland temperature pas- 
tures has led to a decrease in their suitability for Orthoptera 
due to unfavorable sward structure and height. 

5. Grazing can interact with other forms of management such as 
mowing and burning, producing complex effects on assem- 
blages of Orthoptera. 

6. It is important to have ungrazed areas to provide refuges for 
Orthoptera species negatively affected by grazing. This can be 
accomplished through fencing off grassland or open wood- 
land to form exclosures, where practical. 


7. Rotational management - moving domestic livestock between 
different pastures — allows a range of sward structures to de- 
velop over a landscape. 

8. Latrines can be refuges for Orthoptera in pastures, providing 
tall grassland avoided by grazing animals. These may be 
actively sought out by grasshoppers dispersing through 
pastures to find favorable feeding patches. 

9. Abandonment of grazing, leading to the development of rank 
grassland and, ultimately, woodland, can have devastating ef- 
fects on species of early successional stages, such as the rare 
Decticus verrucivorus. 


The over-arching principle for grazing management should be 
to establish a heterogeneous sward with a range of sward heights 
and bare earth for oviposition/basking. In more extensive systems, 
patches of scrub can form habitat for Orthoptera species associ- 
ated with woody vegetation, such as bush crickets. The greatest 
diversity of habitats should provide the highest species richness at 
a landscape scale. 


References 


Ausden M, Treweek J (1995) Grasslands. In: Sutherland WJ, Hill DA 
(Eds) Managing Habitats for Conservation. Cambridge Uni- 
versity Press, Cambridge, 197-229. https://doi.org/10.1017/ 
CBO9781316036426.008 

Batary P, Orci KM, Baldi A, Kleijn D, Kisbenedek T, Erdos S (2007) Effects 
of local and landscape scale and cattle grazing intensity on Orthop- 
tera assemblages of the Hungarian Great Plain. Basic and Applied 
Ecology 8: 280-290. https://doi.org/10.1016/j.baae.2006.03.012 

Bazelet CS, Samways MJ (2011) Identifying grasshopper bioindicators for 
habitat quality assessment of ecological networks. Ecological Indica- 
tors 1: 1259-1269. https://doi.org/10.1016/j.ecolind.2011.01.005 

Bernays EA, Chapman RF (1970a) Experiments to determine the basis 
of food selection by Chorthippus parallelus (Zetterstedt) (Orthoptera: 
Acrididae) in the field. Journal of Animal Ecology 39: 761-776. htt- 
ps://doi.org/10.2307/2866 

Bernays EA, Chapman RF (1970b) Food selection by Chorthippus parallelus 
(Zetterstedt) (Orthoptera: Acrididae) in the field. Journal of Animal 
Ecology 39: 383-394. https://doi.org/10.2307/2977 

Bieringer G (2002) Response of Orthoptera species (Tettigoniidae and 
Acrididae) to wildfires in a Central European dry grassland. Journal 
of Orthoptera Research 11: 237-242. https://doi.org/10.1665/1082- 
6467(2002)011[0237:ROOSTA]2.0.CO;2 

Bontjer A, Plachter H (2002) Effects of large-scale cattle grazing on Or- 
thoptera (Saltatoria et Mantodea) in Georgia (Caucasus). In: Redeck- 
er B, Finck U, Hardtle W, Riecken U, Schréder E (Eds) Pasture Land- 
scapes and Nature Conservation. Springer-Verlag, Berlin Heidelberg 
New York, 355-366. https://doi.org/10.1007/978-3-642-55953-2_27 

Cease AJ, Elser JJ, Ford CE, Hao S, Kang L, Harrison JF (2012) Heavy livestock 
grazing promotes locust outbreaks by lowering plant nitrogen content. 
Science 335: 467-469. https://doi.org/10.1126/science.1214433 

Chapman RF (1998) The Insects Structure and Function (4% edition). 
Cambridge University Press, Cambridge. https://doi.org/10.1017/ 
CBO9780511818202 

Cherrill AJ, Brown VK (1990) The habitat requirements of adults of the 
Wart-biter Decticus verrucivorus (L.) (Orthoptera: Tettigoniidae) in 
southern England. Biological Conservation 53: 145-157. https://doi. 
org/10.1016/0006-3207(90)90005-A 

Cherrill AJ, Brown VK (1992) Ontogenetic changes in microhabi- 
tat preferences of Decticus verrucivorus (L.) (Orthoptera: Tettigo- 
niidae) at the edge of its range. Ecography 15: 37-44. https://doi. 
org/10.1111/j.1600-0587.1992.tb00006.x 

Choudhuri JCB (1958) Experimental studies on the choice of oviposition 
sites by two species of Chorthippus (Orthoptera: Acrididae). Journal of 
Animal Ecology 27: 201-215. https://doi.org/10.2307/2239 


JOURNAL OF ORTHOPTERA RESEARCH 2018, 27(1) 


10 


Clarke EJ (1948) Studies in the ecology of British grasshoppers. Transac- 
tions of the Royal Entomological Society of London 99: 173-222. 
https://doi.org/10.1111/j.1365-2311.1948.tb01235.x 

Crofts A (1999) Grazing. In: Crofts A, Jefferson RG (Eds) The Lowland 
Grassland Management Handbook (2™ edition). English Nature/The 
Wildlife Trusts, Peterborough, 5: 1-5:84. 

de Wet JM(1981)Grasses and the culture history of man. Annals of the Mis- 
souri Botanical Gardens 68: 87-104. https://doi.org/10.2307/2398812 

Denton J (2006) Assessment of potential effects of different grazing re- 
gimes in Wootton Coppice and Holmsley inclosures. Unpublished 
report. 

Duffey E, Morris MG, Sheail J, Ward LK, Wells DA, Wells TCE (1974) Grass- 
land Ecology and Wildlife Management. Chapman and Hall, London. 

English Nature (1992) Flowers in the Grass. English Nature, Peterborough. 

Fabriciusova V, Kafuch P, Kristin A (2011) Response of Orthoptera assem- 
blages to management of montane grasslands in the Western Car- 
pathians. Biologia 66: 1127-1133. https://doi.org/10.2478/s11756- 
011-0115-1 

FGTC (The Forage and Grazing Terminology Committee) (1991) Termi- 
nology for grazing lands and grazing animals. Journal of Production 
Agriculture 5: 191-201. 

Fischer SF, Poschlod P, Beinlich B (1996) Experimental studies on the dis- 
persal of plants and animals on sheep in calcareous grasslands. Journal 
of Applied Ecology 33: 1206-1222. https://doi.org/10.2307/2404699 

Foley JA, Ramankutty N, Brauman KA, Cassidy ES, Gerber JS, Johnston 
M, Mueller ND, O’Connell C, Ray DK, West PC, Balzer C, Ben- 
nett EM, Carpenter SR, Hill J, Monfreda C, Polasky S, Rockstrom 
J, Sheehan J, Siebert S, Tilman D, Zaks DPM (2011) Solutions for 
a cultivated planet. Nature 478: 337-342. https://doi.org/10.1038/ 
nature10452 

Fonderflick J, Besnard A, Beuret A, Dalmais M, Schatz B (2014) The im- 
pact of grazing management on Orthoptera abundance varies over 
the season in Mediterranean steppe-like grassland. Acta Oecologica 
60: 7-16. https://doi.org/10.1016/j.actao.2014.07.001 

Frame J (1992) Improved Grassland Management. Farming Press, Ton- 
bridge. 

Gardiner T (2009) Hopping back to happiness? Conserving grasshoppers 
on farmland. VDM Verlag, Saarbriicken. 

Gardiner T (2010) Precipitation and habitat degradation influence the 
occurrence of the common green grasshopper Omocestus viridulus in 
southeastern England. Journal of Orthoptera Research 19: 315-326. 
https://doi.org/10.1665/034.019.0219 

Gardiner T (2012) Melanism in the Common Groundhopper Tetrix undu- 
lata Sowerby, 1806 (Orthoptera: Tetrigidae) in relation to substrate 
colour. Entomologist’s Gazette 63: 157-160. 

Gardiner T (2014) Fire melanism of Myrmeleotettix maculatus Thunberg, 
1815 (Orthoptera: Acrididae) at two heathland sites in Norfolk. Ento- 
mologist’s Gazette 65: 155-160. 

Gardiner T (2015) The use of field sampling techniques and computerised 
video tracking in the study of directional grasshopper movement in 
the UK. In: Jenkins O (Ed.) Advances in Animal Science and Zoology 
Vol. 7. Nova Science Publishers, Inc., New York, 147-158. 

Gardiner T, Haines K (2008) Intensive grazing by horses detrimentally 
affects orthopteran assemblages in floodplain grassland along the 
Mardyke River Valley, Essex, England. Conservation Evidence 5: 38-44. 

Gardiner T, Hassall M (2009) Does microclimate affect grasshopper popu- 
lations after cutting of hay in improved grassland? Journal of Insect 
Conservation 13: 97-102. https://doi.org/10.1007/s10841-007-9129-y 

Gardiner T, Hill J (2004) Directional dispersal patterns of Chorthippus par- 
allelus (Orthoptera: Acrididae) in patches of grazed pastures. Journal 
of Orthoptera Research 13: 135-141. https://doi.org/10.1665/1082- 
6467(2004)013[0135:DDPOCP]2.0.CO;2 

Gardiner T, Hill J, Chesmore D (2005) Review of the methods frequent- 
ly used to estimate the abundance of Orthoptera in grassland eco- 
systems. Journal of Insect Conservation 9: 151-173. https://doi. 
org/10.1007/s10841-005-2854-1 

Gardiner T, Pilcher R, Wade M (2015) Sea Wall Biodiversity Handbook. 
RPS, Cambridge. 


T. GARDINER 


Gardiner T, Pye M, Field R, Hill J (2002) The influence of sward height 
and vegetation composition in determining the habitat preferences 
of three Chorthippus species (Orthoptera: Acrididae) in Chelmsford, 
Essex, UK. Journal of Orthoptera Research 11: 207-213. https://doi. 
org/10.1665/1082-6467(2002)011[0207:TIOSHA]2.0.CO;2 

Gardiner T, Ringwood Z (2010) Species richness of orthopteroid insects 
and incidence of a rare moth on an island nature reserve threatened 
by sea level rise in the Walton Backwaters in eastern England. Ento- 
mologist’s Gazette 61: 251-261. 

Gebeyehu S, Samways MJ (2006) Conservation refugium value of a large 
mesa for grasshoppers in South Africa. Biodiversity and Conserva- 
tion 15: 717-734. https://doi.org/10.1007/s10531-004- 1062-8 

Gibson CWD (1997) The Effects of Horse and Cattle Grazing on English 
Species-Rich Grasslands. English Nature, Peterborough. 

Grayson FWL, Hassall M (1985) Effects of rabbit grazing on population 
variables of Chorthippus brunneus (Orthoptera). Oikos 44: 27-34. 
https://doi.org/10.2307/3544039 

Hochkirch A, Nieto A, Garcia Criado M, Calix M, Braud Y, Buzzetti FM, Cho- 
banov D, Odé B, Presa Asensio JJ, Willemse L, Zuna-Kratky T, Barranco 
Vega P, Bushell M, Clemente ME, Correas JR, Dusoulier F, Ferreira S, 
Fontana P, Garcia MD, Heller K-G, Iorgu IS, Ivkovicé S, Kati V, Kleukers 
R, Kristin A, Lemonnier-Darcemont M, Lemos P, Massa B, Monnerat C, 
Papapavlou KP, Prunier FE Pushkar T, Roesti C, Rutschmann F Sirin D, 
Skejo J, Sz6vényi G, Tzirkalli E, Vedenina V, Barat Domenech J, Barros 
EF, Cordero Tapia PJ, Defaut B, Fartmann T, Gomboc S, Gutiérrez-Rod- 
riguez J, Holusa J, Illich I, Karjalainen S, Ko€arek P, Korsunovskaya O, Li- 
ana A, Lopez H, Morin D, Olmo-Vidal JM, Puskas G, Savitsky V, Stalling 
T, Tumbrinck J (2016) European Red List of Grasshoppers, Crickets and 
Bush-crickets. Publications Office of the European Union, Luxembourg. 

Holmes ND, Smith DS, Johnston A (1979) Effects of grazing by cattle on 
the abundance of grasshoppers on fescue grassland. Journal of Range 
Management 32: 310-311. https://doi.org/10.2307/3897838 

Hopkins JJ (1999) Grassland management decision making. In: Crofts A, Jef- 
ferson RG (Eds) The Lowland Grassland Management Handbook (2"¢ 
edition). English Nature/The Wildlife Trusts, Peterborough, 3: 1-3:10. 

Horn HS (1984) Some theories about dispersal. In: Swingland IR, Green- 
wood PJ (Eds) The Ecology of Animal Movement. Clarendon Press, 
Oxford, 54-62. 

Hubbard CE (1984) Grasses (3" edition). Penguin Books, London. 

Ingrisch S, Kohler G (1998) Die Heuschrecken Mitteleuropas. Westarp 
Wissenschaften, Magdeburg. 

Isern-Vallerdu J, Pedrocchi C (1994) Effect of the abandonment of moun- 
tain pastures on the Orthoptera populations in the northwest of 
Spain. Articulata 9: 15-23. 

Joubert L, Pryke JS, Samways MJ (2016) Past and present disturbances influ- 
ence biodiversity value of subtropical grassland ecological networks. 
Biodiversity and Conservation 25: 725-737. https://doi.org/10.1007/ 
$10531-016-1088-8 

Kati V, Devillers P, Dufréne M, Legakis A, Vokou D, Lebrun P (2004) 
Testing the values of six taxonomic groups as biodiversity indica- 
tors at a local scale. Conservation Biology 18: 667-675. https://doi. 
org/10.1111/j.1523-1739.2004.00465.x 

Key R (2000) Bare ground and the conservation of invertebrates. British 
Wildlife 11: 183-191. 

Kohler G, Brodhun H-P, Schaller G (1987) Ecological energetics of Cen- 
tral European grasshoppers (Orthoptera: Acrididae). Oecologia 74: 
112-121. https://doi.org/10.1007/BF00377354 

Kruess A, Tscharntke T (2002) Grazing intensity and the diversity of 
grasshoppers, butterflies, and trap-nesting bees and wasps. Con- 
servation Biology 16: 1570-1580. https://doi.org/10.1046/j.1523- 
1739.2002.01334.x 

Latchininsky A, Sword GA, Sergeev M, Cigliano MM, Lecoq M (2011) Lo- 
custs and grasshoppers: behavior, ecology and biogeography. Psyche 
2011: 1-4. https://doi.org/10.1155/2011/578327 

Lawes JA, Pain BE, Jarvis SC (1995) Grassland management systems to re- 
duce N losses and increase efficiency: a farmlet approach. In: Pollott 
GE (Ed.) Grassland into the 21“ Century: Challenges and Opportuni- 
ties. British Grassland Society, Hurley, 310-311. 


JOURNAL OF ORTHOPTERA RESEARCH 2018, 27(1) 


T. GARDINER 11 


Marriott CA, Barthram GT, Bolton GR, Fisher JM, Hood K (2002) Chang- 
es in sward structure under extensive grazing management of sown 
swards. In: Frame J (Ed.) Conservation Pays? British Grassland Soci- 
ety, Chippenham, 133-136. 

Marshall JA, Haes ECM (1988) Grasshoppers and Allied Insects of Great 
Britain and Ireland. Colchester, Harley Books. 

McInerney JP (1995) The economic context for grassland farming. In: Pol- 
lott GE (Ed.) Grassland into the 21“ Century: Challenges and Oppor- 
tunities. British Grassland Society, Hurley, 96-112. 

Morris MG (2000) The effects of structure and its dynamics on the 
ecology and conservation of arthropods in British grasslands. Bio- 
logical Conservation 95: 129-142. https://doi.org/10.1016/S0006- 
3207(00)00028-8 

Narisu, Lockwood JA, Schell SP (1999) A novel mark-recapture technique 
and its application to monitoring the direction and distance of lo- 
cal movements of rangeland grasshoppers (Orthoptera: Acrididae) 
in the context of pest management. Journal of Applied Ecology 36: 
604-617. https://doi.org/10.1046/j.1365-2664.1999.00421.x 

O'Neill KM, Olson BE, Rolston MG, Wallander R, Larson DP, Seibert 
CE (2003) Effects of livestock grazing on rangeland grasshop- 
per (Orthoptera: Acrididae) abundance. Agriculture, Ecosystems 
and Environment 97: 51-64. https://doi.org/10.1016/S0167- 
8809(03)00136-1 

Pinchen BJ (2000) Evaluation of five inclosures in the New Forest for 
invertebrate conservation and potential impact of grazing. Unpub- 
lished report. 

Prendini L, Theron L-J, Merwe KV, Owen-Smith N (1996) Abundance and 
guild structure of grasshoppers (Orthoptera: Acridoidea) in commu- 
nally grazed and protected Savanna. South African Journal of Zoology 
31: 120-130. https://doi.org/10.1080/02541858.1996.11448403 

Rackham O (1986) The History of the Countryside. J.M. Dent and Sons 
Ltd, London. 

Rada S, Mazalova M, Sipos J, Kuras T (2014) Impacts of mowing, grazing 
and edge effects on Orthoptera of submontane grasslands: perspec- 
tives for biodiversity protection. Polish Journal of Ecology 62: 123- 
138. https://doi.org/10.3161/104.062.0112 

Richards OW, Waloff N (1954) Studies on the biology and population dy- 
namics of British grasshoppers. Anti-Locust Bulletin 17: 1-182. 

Rogers D (1984) Pattern and process in large-scale animal movement. In: 
Swingland IR, Greenwood PJ (Eds) The Ecology of Animal Move- 
ment. Clarendon Press, Oxford, 160-180. 

Samways MJ (1994) Insect Conservation Biology. Chapman and Hall, 
London. 

Singh JS, Lauenroth WK, Milchunas DG (1983) Geography of grassland 
ecosystems. Progress in Physical Geography 7: 46-80. https://doi. 
org/10.1177/030913338300700102 


Spalinger LC, Haynes AG, Schiitz M, Risch AC (2012) Impact of wild un- 
gulate grazing on Orthoptera abundance and diversity in subalpine 
grasslands. Insect Conservation and Diversity 5: 444-452. https:// 
doi.org/10.1111/j.1752-4598.2011.00180.x 

Spedding CRW, Diekmahns EC (Eds) (1972) Grasses and Legumes in Brit- 
ish Agriculture. Commonwealth Agricultural Bureaux, Slough. 

Suttie JM, Reynolds SG, Batello C (2005) Grasslands of the World. FAO, 
Plant Production and Protection Series, No. 34. Food and Agriculture 
Organisation of the United Nations, Rome. 

Sutton PG (2015) A review of the scarce and threatened Orthoptera and 
allied species of Great Britain, Orthoptera, Dictyoptera, Dermaptera, 
Phasmida. Species Status No. 21, Natural England Commissioned Re- 
ports. Natural England, Peterborough. 

Tallowin JRB, Smith REN, Pywell R, Goodyear J, Martyn T (2002) Use of 
fertiliser nitrogen and potassium to reduce soil phosphorus availabil- 
ity. In: Frame J (Ed.) Conservation Pays? British Grassland Society, 
Chippenham, 163-166. 

Tubbs CR (1986) The New Forest. Collins, London. 

van Wingerden WKRE, Musters JCM, Kleukers RMJC, Bongers W, van Biezen 
JB (1991a) The influence of cattle grazing intensity on grasshopper 
abundance (Orthoptera: Acrididae). Proceedings of the Experimental 
and Applied Entomology Section, N.E.V. Amsterdam 2: 28-34. 

van Wingerden WKRE, Musters JCM, Maaskamp FIM (1991b) The influ- 
ence of temperature on the duration of egg development in west Eu- 
ropean grasshoppers (Orthoptera: Acrididae). Oecologia 87: 417-423. 
https://doi.org/10.1007/BF00634600 

van Wingerden WKRE, van Kreveld AR, Bongers W (1992) Analysis of spe- 
cies composition and abundance of grasshoppers (Orth., Acrididae) 
in natural and fertilized grasslands. Journal of Applied Entomology 
113: 138-152. https://doi.org/10.1111/j.1439-0418.1992.tb00647.x 

Wake A (1997) Grasshoppers and Crickets (Orthoptera) of Essex. Colches- 
ter Natural History Society, Colchester. 

Waloff N (1950) The egg pods of British short-horned grasshoppers (Acridi- 
dae). Proceedings of the Royal Entomological Society of London, Series 
A 25: 115-126. https://doi.org/10.1111/j.1365-3032.1950.tb00088.x 

Wettstein W, Schmid B (1999) Conservation of arthropod diversity in 
montane wetlands: effect of altitude, habitat quality and habitat frag- 
mentation on butterflies and grasshoppers. Journal of Applied Ecol- 
ogy 36: 363-373. https://doi.org/10.1046/j.1365-2664.1999.00404.x 

White R, Murray S, Rohweder M (2000) Pilot Analysis of Global Ecosystems. 
Grassland Ecosystems. World Resources Institute, Washington DC. 

Wilde I (2009) The stripe-winged grasshopper Stenobothrus lineatus (Panzer, 
1796) (Orthoptera: Gomphocerinae) new to Essex. Essex Naturalist 
(New Series) 26: 61-62. 

Wolton RJ (1991)Management Guidelines for Culm Grasslands Report. 
English Nature, Okehampton. 


JOURNAL OF ORTHOPTERA RESEARCH 2018, 27(1) 


